In a blind trial, using matched pairs, intubation was found to be easier with pancuronium than with tubocurarine. There was a mean fall in blood pressure following the initial dose of tubocurarine but not after pancuronium. There was a greater rise in blocd pressure following intubation with pancuronium than with tubocurarine. These differences could be recognized clinically.
INTRODUCTION
Pancuronium is a steroid drug which has the properties of a non-depolarizing muscle relaxant and is claimed to have less cardiovascular effects than tubocurarine and a more rapid onset of action.
Most of the studies, with two exceptions (Clarke et al. 1969, Pandit and Dundee 1970) , have not directly compared tubocurarine and pancuronium in a controlled fashion. This study was designed to compare the drugs in a double blind manner over a range of surgical procedures. METHOD As there had been no reported trials of teratogenesis for pancuronium, we decided not to use the drug in women of the child-bearing age. Otherwise we placed no restrictions on its use. The new relaxant was at first administered to a series of 30 patients to familiarize the author:> with the drug. No outstanding complications were encountered and some clinical impressions of onset, recovery and cardio-vMcular effects were formed. The controlled trial was designed to attempt to delineate variations in blood pressure, time of onset of relaxation, and ease of (more rapid and more obvious) reversal of the action of pancuronium compared with tubocurarine.
A double blind trial with tubocurarine was designed using 15 matched pairs. Being blind, this enabled the unmodified use of techniques which we usually employ for anaesthetics which include non-depolari%:ing relaxants. Matched pairs permitted the study of patients of a variety of ages and physical status who underwent various surgical operations.
The surgical procedures were about twothirds peripheral vascular, including aortic aneurysmectomies, other arterial grafts, sympathectomies and amputations, and onethird other general surgical operations, including herniorrhaphies, operations for varicose veins and thyroidectomies.
Observations made were (1) rapidity and ease of intubation, (2) serial arterial blood pressure by sphygmomanometry, (3) pulse rates in the period before and after a dose of relaxant, (4) rate of usage of relaxant, (5) rapidity of recovery after neostigmine, and (6) an attempt at guessing the relaxant used.
The authOls made all the observations, and in all but one pair the same person observed both members of each pair. A trainee anat'sthetist, either resident medical officer or registrar, performed the intubation. On some occasions when a resident medical officer was the endoscopist it is possible intubation would have been performed earlier by a more skilled person.
A;-;'AESTHETIC Premedication consisted of a narcotic and a belladonna derivative. In eight pairs this was identical, but there were minor differences in doses or drugs used in the other pairs. We attempted to follow in detail the same anaesthetic sequence in the two members of each pair. Usually the relaxant was given before the thiopentone, and the commonest initial dose was 4 ml of solution of relaxant (i.e. 40 mg of tubocurarine or 8 mg of pancuronium). Mean initial dose of tubocurarine was 4·05 ml SD±0'54 ml and of pancuronium 4·03 ml SD±O ·40 ml. The initial dose of relaxant was not given on an exact weight basis, but was varied only if the patient was unusually large or small, and repeated dost's were given on clinical indications. A nerve stimulator was not used. The dose of thiopentone was chosen empirically according to clinical response. Patients were hyperventilated with nitrous oxide, oxygen, and occasionallv with low concentrations of halothane.
RESULTS
.11 aterial. Fifteen pairs of anaesthetics were given, and in 14 the sexes were matched. In all pairs the operation was the same or similar. Attempts were made to match ages and body weights. Om: "pair" was the same patient having two similar consecutive operations. Another patient fortuitously appeared once in the tubocurarine and once in the pancuronium groups whilst having different operations. 
The differences between the groups does not reach ,;ignificance with the vVi1coxin test.
(1) Conditions jor Intubation
These were assessed by the pE'riod between the dose of relaxant and intubation and by a subjective impression of the endoscopist. The latter was classified as " good" or " imperfect". Conditions were classified as imperfect if any adverse remark was made regarding the intubating conditions, including a cough as the tube was inserted. The mean time from administration of the relaxant to intubation was 3 min 11 sec (SD ±46 sec) for tubocurarine and 2 min 55 sec (SD ±46 SEC) for pancuronium. ThesE differences are not statistically significant.
In 77% cf the occasions when tubocurarine was used conditions for intubation were imperfect but were imperfect in only 20% with pancuronium. As twice the standard error of the differences between the percentages was :31 '2, and the difference between the percentages was 57, this difference is significant.
Repeated observations were made of systolic and diastolic blood pressure and pulse rate in the periods before and after administration of relaxant. As many observations as possible were made. Observations were divided into those associated with thE initial doses of relaxant and the induction of anaesthesia and those associated with subsequent doses of relaxant. The maximum changes were noted in arterial pressure associated with the initial dose of relaxant. The mean fall in systolic/diastolic blood pressure with tubocurarine was 42 torr/23 torr, SD ±22/10 ton. Fourteen of 15 cases had a fall in systolic pressure. The mean rise in pressure with pancuronium was 29 torr/27 ton (SD ±41 ton/ ±21 torr).
The difference,.; betWEen these changes are highly significant, p being less than O' 001 for both systolic and diastolic pressures.
As most of the falls in arterial pressun' occurred before intubation and most of the rises after, the results were further subdivided into maximum changes before and after intubation. Mean maximum change in arterial pressure before intubation was -40 torr/-21 torr (SD t17 torr/ ±19 ton) for tube curarine and -1,4/+4·2 (SD ±28/±9) for pancuronium.
These differences arE' significant, p <0 ·001. Tht" mean maximum change after intubation wa~ +12/+18 (SD ±28/±15) for tubocurarine and +39/ +27 (SD ±30/ ±22) for pancuronium. The difference in rises of systolic pressure was significant, P<0'05, but the differences in rises in diastolic pressure were not.
MAXIMUM CHANGES IX ARTERIAL PRESSCRE AFTER SUBSEQUENT DOSES OF RELAXANT
There was more than one dose of relaxant used in 10 of the cases given tubocurarine and in eight of those given pancuronium. Mean maximum change in blood pressure after subSEquent doses of tubocurarine was -7 torr! -2 ton (SD ±30 torr/±17 ton) and after pancuronium +7 torr/+1 torr (SD ±38/±13 ton). These differences are not statistically significant.
(:)) Pulse Rate
Maximum changes in pulse rate associated with induction dose of relaxant were recorded. Mean change after tubocurarine was +9 beats r min, SD ±26 beats/min; after pancuroniul11 +28 beats/min, SD ±20 beats/min. The difference just fails to reach significance at the p =0·05 level.
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(4) Rate of Usage of Relaxant
In assessing results, it is necessary to assume that equal volumes of solution of the drugs have similar relaxant effects. It has been stated that 5 mg of tubocurarine is equivalent to 1 mg of pancuronium (Crul 1968 , Norman et al. 1970 . It is possible that differences between the two drugs could be explained by errors in the ratio of comparability. The mean overall usage rate of tubocurarine was 2 ·25 ml (11·3 mg)jhr, and of pancUlonium 2 ·23 rnl (4 ·46 mg)jhr. Thus the usage rates, volume for volume, were comparable.
If those cases when only one dose of relaxant was administered are excluded, the mean usage rate of tubocurarine was 6·3 mljhr, and of pancuronium 5·1 mljhr. Further, if pairs in which one member did not have a second dose of relaxant are excluded the mean usage rate was 6·4 ml/hr of tubocurarine and 3·7 ml/hr of pancuronium. In the last two circumstances the numbers are too small to draw conclusions.
(5) Reversal Characteristics
Each reversal was assessed as the time from administration cf neostigmine until the time that the authors considered the patient could be allowed to be left unattended in the care of the recovery ward staff (reversal time). The mean time from the last dose of relaxant was 55 min (SD ±28 mini for tubocurarine and 63 min (SD ±40 mini for pancuronium. The mean reversal time for tubocurarine was 4 min 47 sec (SD ±2 min 25 sec) and for pancuronium 5 min (SD ±2 min 29 sec). These differences are not statistically significant.
(6) Guess at Identification of Drug
At the end of each study the investigators attempted to guess which drug had been used. The guess was correct in 27 of 30 cases. As the cases were arranged in pairs, the guess for the second member of the pair might have been biased by the guess for the first member. In 13 of 15 pairs, both members were correctly identified (87%). If we assume that 50% should have been correct if the difference between the drugs was not clinically obvious, twice the standard error of the differences would have been 31%. As the actual difference was 37%, it may be concluded that it was possible with reasonable accuracy to distinguish the two drugs clinically.
DISCUSSION
It has been claimed that pancuronium has advantages, particularly with regard to the cardiovascular system, over other nondepolarizing muscle relaxants, especially tubocurarine (Baird et al. 1967 , Crul 1968 , Sellick 1968 , Komesaroff 1969 . Controlled trials are necessary to substantiate or refute these claims. Two other studies (Pandit and Dundee 1970, McDowell and Clarke 1969) attempt such trials, but only in the latter was part of the trial blind. Our study was blind and in general confirms the conclusions of previous work.
In our trial succinylcholine was not used and pancuronium was administered immediately before or after thiopentone. Before intubation an appreciable fall in mean blood pressure occurred in association with tubocurarine, but not with pancuronium, although even with pancuronium some patients had fairly large changes. For example, one had a fall of 70 torr in systolic pressure and another a fall of 35 torr but enough rises in blood pressure occurred to offset the falls when the mean was calculated. After intubation a mean rise occurred above the pre-induction reading with both drugs. The rise was less with tubocurarine (mean +12 torrj +18 torr) than with pancuronium (+39 torr/ +27 torr). The maximum rise on intubation with tubocurarine was 75 torr systolic and with pancuronium 90 torr. This rise in blood pressure on intubation may not be without complications.
In our study there were no significant changes in blood pressure following the doses of relaxant given after the initial dose. Presumably, at these times anaesthetic conditions were more stable than at induction, when factors other than the relaxant used possibly contributed to the changes in cardiovascular homeostasis. This is illustrated in the study of McDowell and Clarke (1970) , where different blood pressure changes were seen depending on the drugs used to induce anaesthesia.
Most of the previous studies indicate better intubating conditions with pancuronium than with tubocurarine. Our study agrees with these findings. For such a conclusion to be attributed to differences between the two drugs one has to assume that equipotent dosage was given. All clinical studies have suggested that 1 mg of pancuronium is equivalent to 5 mg of tubocurarine, and Norman et al. (1970) appear to have established this equivalence in studies of muscle twitch response, although their study was not done blindly or concurrently.
Speed of intubation in our series was not different in the two groups. Our results show significantly better intubating conditions with pancuronium, probably because we did not attempt to intubate rapidly as did Pandit and Dundee (1970) , who were unable to come to a conclusion. McDowell and Clarke (1969) would appear to sbow that there were slightly better intubating conditions with pancuronium than with tubocurarine at 4 min.
Our ability to guess which drug was being used was not due to skin flushing, as has been noted with tubocurarine in the McDowell and Clarke (1969) and Pandit and Dundee (1970) studies. The distinguishing features were the lesser fall in blood pressure and the easier intubating conditions. We noted no obvious difference in reversal characteristics between the two drugs. This was also the impression of McDowell and Clarke (1969) and Pandit and Dundee (1970) .
